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OBSERVATIONS AND COMMENTS PERTAINING TO 
CAN/CSA-S136-M89 
by: 
Aaron S. Dinovitzer1, Majid Sohrabpour and Reinhold M. Schuster3 
SUMMARY 
Contained in this paper are the results of two separate studies, namely, 1) partially stiffened 
compressive elements of both edge and single intermediate stiffened flanges and 2) deflection 
determination of multi-web deck profiles. Both of these studies were based on the Canadian cold 
formed steel design standard (CAN/CSA-S 136-M89), with the results also applicable to the AISI 
specification. In the case of partially stiffened compressive elements, discontinuities in effective 
width estimates for sections with similar flanges and stiffeners were observed, resulting from 
a sudden change in the behavioural states. Recommendations are presented to rectify this 
discontinuity and at the same time simplifying the analysis procedure. Regarding the second 
study, the some-what lengthy alternative approach in S136 for determining the effective wiC:!th 
of multi-web profiles for deflection determination has been investigated. Recommendations are 
presented for a new approach which is consistent with the general unified effective width 
concept, i.e. the basic effective width expression is used with a variable plate buckling 
coefficient. 
1) PARTIALLY STIFFENED ELEMENTS 
With cold formed steel sections, longitudinal edge and single intermediate stiffeners are 
frequently used to stiffen compressive elements (flanges). The rigidity provided by a stiffener 
may not be adequate to fully stiffen the flange, hence, creating a partially stiffened element. 
The Canadian Cold Formed Steel Design Standard, CAN/CSA-S136-M89 [1] (S136), has 
recently been revised in order to allow for the design of partially stiffened compressive elements. 
Previously, compressive elements were treated either as stiffened or unstiffened elements if they 
were not fully stiffened. 
A compressive flange is considered stiffened if it is supported on one edge by a web and on the 
other edge by a web or an adequate stiffener. Another method of obtaining a fully stiffened 
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flange is to ensure that the flange has a low width to thickness ratio, so as not to require a 
stiffener. Unstiffened compressive elements have lower critical buckling stresses, thus, their 
ultimate strengths are lower than those of stiffened elements of the same size and material. In 
S136 the lower strength is modeled not by reduced stresses but by using an "effective width" 
approach at the limit stress. This approach reduces the usable area at limit stress, allowing only 
portions of compressive elements to be effective in the design calculations. 
A compressive element is considered partially stiffened if it has a stiffener (edge or intermediate) 
which does not fully stiffen the element. There can be considerable interaction between flange 
and stiffener elements. An edge or intermediate stiffener can stabilize the compressive flange, 
but if the stiffener is too slender and local buckling occurs, the flange will become destabilized. 
If a flange is not completely stiffened by the stiffener and local flange buckling occurs, the 
flange can promote destabilization of the stiffener. 
Sl36 has three Cases which must be considered in the design of compressive flange elements, 
as follows: 
I) the flange is fully effective without a stiffener, 
II) the flange is able to be made fully effective by an adequate stiffener, and 
III) the flange cannot be made fully effective even by the use of an adequate stiffener. 
Edge Stiffener (Lip) and Flange Interaction Model 
As the flange of a given C-section is increased in length it becomes more and more unstable· as 
an un stiffened compressive element and passes through the three Cases specified in S136. Figure 
I, shows the calculated effective flat width ratio of a flange as it's flat width ratio increases. 
All of the calculations in S 136 are based on flat width and flat width ratios of elements. The flat 
width (w) of an element is the elements width exclusive of comers. A flat width ratio (JV) is 
a measure of slenderness and is calculated by dividing the element's flat width by its thickness. 
In the first region of the curve in Figure I (Case I), the flange is fully effective (flat width ratio 
(W) = effective flat width ratio (B» without an edge stiffener. In the second region (Case IT), 
the element requires an edge stiffener in order to be fully effective. The first portion of this case 
illustrates the destabilizing effects of large edge stiffeners on flange elements. The ratio dJw 
(overall lip depth / flange flat width) is used to determine the relative size of the two elements. 
If the lip is larger than 1/4 of the flange (dJw > 0.25), the flange will tend to be destabilized, 
thus reducing it's effective width. As the flange continues to increase in size, the lip becomes 
an adequate stiffener, which is not too large. When the flange has increased in size beyond a 
certain length, the stiffener can no longer adequately stabilize the flange. An adequate stiffener 
should have a moment of inertia (Ia) which is specified by S136. The actual stiffener moment 
of inertia (1,) is compared to the adequate moment of inertia using a moment of inertia ratio (1,. 
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= IjIa)' When I,. falls below unity, the stiffener is inadequate and the effective width of the 
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Figure 1: Flat Width Ratio vs. Effective Width Ratio 
As the flange progressively increases in size, it can not be made fully effective, regardless of 
the lip size (Case III). In this case the effect of relative lip size is to partially stabilize the flange 
which cannot be fully stiffened. An adequate stiffener in this region will stiffen the largest 
portion of the flange possible. The plot of effective width vs. flat width ratio (Figure 1) shows 
the design standard's attempt at modelling the capacity of various flangellip size combinations. 
There is a discontinuity in the model's prediction as the flange passes from design Case II to 
Case III. The object of this paper was to find the source of this discontinuity and to try and 
better model the behaviour. A similar discontinuity exists with single intermediate stiffeners. 
Edge Stiffener Adequacy (I.) 
The first step in the modification procedure included an in-depth study of the current design 
standard (S 136) to find any discontinuities in the formulation. Since the focus of the study 
centred on the interaction of the lip and flange, the first discontinuity which became apparent 
was the stiffener adequacy formulation. The equation which determines the lip size (moment of 
inertia) that will adequately stiffen a flange changes when the flange passes from Case II to Case 
III. In Case II, the Ia equation is cubic in W (WHm2' 
In Case III, the I. equation is linear equation in W (WHm2' 
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Figure 2: Adequate Edge Stiffener Moment of Inertia 
After some analysis, a cubic equation was developed to replace the Case II portion of the I. 
formulation. The proposed formulation is compared to the formulation in S l36. While the new 
formulation provides a much smoother transition from Case II to Case III, it changes the analysis 
model considerably. The new formulation requires larger edge stiffeners in Case II than the 
current S l36 formulation. Due to the requirement for larger stiffeners, the flanges being analyzed 
are modeled as partially stiffened (I,. < 1) at a lower stiffness (I,) than in S l36. It was assumed 
that the slope discontinuity in the I. formulation would not cause a discontinuity in the value of 
the effective width of the flange element. 
During the investigation, it was also discovered that the S l36 formulation of the adequate 
moment of inertia (1.) (Eq. (1)) resulted in negative values for flat width ratios just larger than 
W liml• The problem is the result of the approximation of the ratio WlimlIWlim2 (=(0.43/4)1/2) by 
0.33 in equation (1). 
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Plate Buckling Coefficient (k) 
The design standard provisions were once again examined to find another possible source of 
discontinuity in the flange effective width formulation. The next source of discontinuity 
examined was the plate buckling coefficient (k). The design standard uses eight expressions to 
model the various types of behaviour which the flange and edge stiffener combination may 
exhibit. Upon close scrutiny it can be seen that the formulation for Cases II and III are the same 
except for the change in exponent from 1/2 to 1/3. 
In order to solve the problem of this changing formulation, an equation which would gradually 
decrease the exponent from 1/2 to 1/3 was developed. Three formulations for the transition 
equation were considered. The first formulation was a simple linear variation of the exponent 
Cn) with increasing flat width ratio (n = aW + b). The second formulation, involved a parabolic 
path (n = aW2 + b) for the transition of the exponent and the third formulation involved a 
quadratic path (n = aW2 + bW +c) for the transition of the exponent. The various exponent 
transition paths are compared in Figure 3 and their expressions are summarized in Table 1. All 
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Figure 3: Plate Buckling Exponent vs. Flat Width Ratio 
The performance of these fommlations were compared with the discontinuous formulation of the 
current S136 standard in Figures 4a and 4b. Figure 4a displays the different approaches used to 
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Table I' Exponents for Plate Buckling Coefficient Expressions 
Edge Stiffeners One Intermediate Stiffener 
§ 5.6.2.3 § 5.6.2.3 
S136 Formulation 
1 (Case II) 1 (Case II) n = - n = -2 2 
1 (Case III) = 1 (Case III) n = - n -3 3 
Linear Formulation 
n=.!+ 1 (,(:43 -_w-{i n=..2..-.J:..~ 
2 6 (2 -,(:43) .644 E 12 12 Wlim 
nz~- 37W{i 
43 192 E 
n z ..2.. - 20Ws {i 
12 309 E 
Parabolic Formulation 
11.14 W2 f ( r n=---- - n - 25 _ 1 Ws 21.42 21.42(0.644)2 E 48 48 Wlim 
n z .!l _ 9 W2 .!. 2 
25 80 E n z ~ _ Ws .!. 
48 80 E 
Quadratic Formulation 
( r n z 12 - 55W {i + 2W2 J. 17 1 Ws 1 Ws 47 96 E 9 E n=24-4 Wlim +24 Wlim 
nzl:2._13Ws{i+ 16W;.!. 
24 67 E 637 E 
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Figure 4b: Flat Width Ratio vs. Effective Width Ratio Formulation 
Comparison 
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model the plate buckling coefficient for various flat width ratios. Figure 4b compares the 
effective flat widths predicted by each formulation. The linear formulation, which is the 
simplest, appears to give the best results. 
Intermediate Stiffener and Flange Interaction Model 
The compressive flange of a hat-section with one intermediate stiffener (Figure 5) exhibits the 
same type of discontinuity in behaviour with increasing flange width as in the case of the edge 
stiffened flange. Figure 6a shows how S 136 relates increasing flange width to decreasing plate 
stiffness, to the plate buckling coefficient (k). Figure 6b, details the effect of increasing flat 
width ratio on effective width ratio as predicted by S136. The graph in Figure 6b shows the 
overall flat width ratio rw,) versus the effective flat width ratio of the sub-elements (B) as 
detailed in Figure 5. Two behavioral Cases, Case II and III are shown in Figure 6a and 6b 
which have the same characteristics as in the case of edge stiffeners. 
Figure 5: Notation for One 
Intermediate Stiffener 
A point of interest in the formulation of Case II occurs when the intermediate stiffener is 
inadequate (I,.<1) to stiffen a plate of flat width w, (=W,xt). When I,.<1, the flange sub-elements 
of width w (=Wxt) are examined using the standards effective width formulation. Accordingly, 
if the flat width ratio of a compressive element is less than a limiting value, the element is fully 
effective. Figures 6a and 6b show that sub-elements in the first portion of Case II, where I,.<1, 
have reduced plate buckling coefficients (k<4) but, are still fully effective because their flat 
width ratio is less than the limiting value given by the effective width formulation. 
Plate Buckling Coefficient (k) 
The S136 formulation for one intermediate stiffener is similar to the S136 formulation for edge 
stiffeners. For this reason, it was anticipated that the discontinuity in effective width resulted 
from the same source, Le., a similar plate buckling coefficient discontinuity. When the S136 
formulation passes from Case II to Case III, due to an increase in flange width, a discontinuity 
in effective width b (=Bxt) and plate buckling coefficient (k) were observed. The steps observed 
in Figures 6a and 6b are due to the S136 formulation which includes an exponent change in the 
plate buckling equation from 1/2 to 1/3 in the formulations of Cases II and III, respectively. In 
order to reduce the discontinuity, the same three methods as with edge stiffeners for smoothly 
decreasing the exponent form its maximum value of 1/2 to itsminirnum value of 1/3 were 
investigated. Table 1, summarizes the three proposed methods (Linear, Parabolic and 
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Figure 6b: Flat Width Ratio vs. Effective Width Ratio Formulation 
Comparison 
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the same as those used for the edge stiffener analysis case. Exact and approximate forms of the 
exponent equations are presented in Table 1. The approximate forms were formulated by 
estimating the value of the coefficients of the exact expressions after evaluating Wlim (=0.644 
( 4E/f)1/2). 
The performance of the three transition approaches can be examined in Figures 6a and 6b which 
show the plate buckling coefficient and the effective width ratio against the flat width ratio, 
respectively. All three methods reduce the discontinuity to a slope discontinuity. The only 
significant difference between the three methods is the simplicity of application. Since the linear 
expression is the simplest model to apply it is hereby recommended by the authors. 
2) DEFLECTION OF MULTI-WEB DECK PROFILES 
One of the main design considerations of multi-web decking is serviceability. This involves the 
calculation of deflections under specified live loads, which are then compared to limiting values 
recommended in building codes. In most cases, deflection rather than strength governs the design 
of multi-web decking. Calculations of deflections involve the effective moment of inertia at a 
stress corresponding to the specified live load. 
In the Canadian Standard for Cold Formed Steel Structural Members, S136 and the 1986 edition 
of the U.S. Specification for the Design of Cold-Formed Steel Structural Members (AISI) [2], 
based on research by Pek6z[3], an alternative approach for the special case of serviceability 
determination of stiffened multi-web profiles is presented. This approach is based on the sub-
ultimate stress condition of the compressive flanges. It was found [3] that the basic effective 
width expression underestimates the effective widths and therefore overestimates deflections at 
loads below ultimate. The appropriate effective width expression considering sub-ultimate 
behaviour in flexure of multi-web profiles was based on the experimentally-obtained curve by 
Mulligan and Pek6z [4] and subsequently simplified lineariziation of their effective width 
expression by Weng and Pek6z [5]. This method is presented in section B2.1(b)-(2) of AISI and 
in Clause 5.6.2.2(b) of S136. Determination of the effective width is based on the slenderness 
factor, A., in any of the three intervals specified by equations B2.1-7 through B2.1-9 of AISI and 
using the corresponding reduction factor, p. 
Proposed Method 
In the derivation of the effective width expression, longitudinal edge conditions of the 
compressive element are assumed to be simply supported. This means that theretically the plate 
buckling coefficient, k, equals 4, which is being used by both AISI and S 136 for the case of 
stiffened elements supported by a web on each longitudinal edge. This assumption can result in 
underestimating the actual post-buckling behaviour and is one of the reasons for the discrepancy 
between procedures I and II of AISI. 
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With the proposed method, the basic effective width expression is used with a variable plate 
buckling coefficient, k, and is based on the specified load level stress. The following empirical 
expression for k has been derived: 
k= -S.S6( L)2 +4.56 ( L) +6.12 . (3) 
Fy Fy 
Where f is the stress at specified load and Fy is the yield strength of the steel. Equation (3), a 
best-fit expression, was based on different values of f/Fy, in such a way, so that the results of the 
basic effective width expression, using variable plate buckling coefficients, k, would be close to 
the effective width values obtained from the more rigorous procedure II of AISI. Higher accuracy 
could have been obtained if a higher-order polynomial had been assumed rather than the assumed 
quadratic expression, however, this would have introduced more terms in the expression for k 
and unnecessary rigor, which should be avoided with empirical design expressions. 
In Figures 7 to 11 plots of the reduction factor, p, versus the slenderness factor, 'A, using the 
proposed method as well as procedures I and II of AISI for different stress ratios f/F y are plotted. 
It can be observed that the proposed method gives results close to the more rigorous procedure 
II of AISI for the range of stress ratios 0.4 to 0.7, which constitutes the stress range of interest 
when determining deflections under specified load. When the stress ratio is 0.81 this method 
results in a plate buckling coefficient equal to 4.0, which corresponds to procedure I of AISI. 
Equation (3) is therefore not recommended for stress ratios greater than 0.81. 
Figures 12 to 17 show the variation of the effective width ratio versus the actual flat width ratios 
for different stress ratios f/Fy as per S136. Again the effectiveness of the proposed method in 
comparison to the existing methods can be observed. 
CONCLUSIONS AND RECOMMENDATIONS 
In examining the interaction of a compressive flange and its stiffeners, a discontinuity was found 
in the Canadian Cold Formed Steel Design Standard (CSA S136) [1]. The formulation of the 
design standard should be altered in order to remove this discontinuity. The results of this study 
have brought to light several points which should be addressed by the CSA-S136 committee: 
• The stepwise transition from design Case II to Case III should be replaced with the 
linear formulation of the plate buckling exponent transition. This new formulation 
offers continuity and simplification. Details of the recommended formulation for 
simple lip stiffeners are shown below in tabular form and the recommended 
formulation for single intermediate stiffeners is k = 3(1,)"+1 ::;; 4 where n = 7/12-
Wj(12Wlim) [1/3::;;n::;;1/2]. The new formulation reduces the number of equations 





Buckling Coefficients for Elements in Compression Under Uniform 
Stress with a Simple Lip Stiffener 
d/w ::; 0.25 
1 ;;:: 1 k=4 r 
Ir < k = 3.57(I)n +0.43 
Note: d/t ::; 14 
_ 25 37W It. 
n - 43 - 192 ~ i ' 
0.25 < d/w ::; 0.8 
k = 5.25 - 5 (d/w) 
k = [4.82-5(dlw)](I)n+0.43 
1 [n ;;:: _] 
3 
The discontinuous nature of the stiffener adequacy (I.) formulation still 
needs to be studied, but until a new formulation is determined it should 
be retained since it provides good results. 
the edge stiffener adequacy equation (I.) provided in clause 5.6.2.3 Case 
II can produce negative moments of inertia. The negative values occur 
when the flat width ratio CW) is just greater than W liml • The error is due 
to approximation of (0.43/4)112 by 0.33. The value of (0.43/4)112 is the ratio 
of Wlim/Wlim2 which is the lower bound of the range of validity of the 
formula. The approximation (0.33) should be replaced by the exact value 
(0.43/4)112 
A new method for deflection determination of multi-web sections has been developed. The 
procedure of this method can be summarized as follows: 
a) Calculate the plate buckling coefficient, k, using equation (3) above. 
b) Use procedure I of section B2.1(b) of AISI [2] or Clause 5.6.2.2(a) of 
S136 [1], with k as calculated in (a) above. 
The method has the following advantages: 
Giving close results for the practical stress-levels of interest compared to 
procedure II of AISI [2] and Clause 5.6.2.2(b) of S136 [1]. 
Reducing the required amount of calculations. 
Making use of the basic effective width concept, but with a more realistic 
assumption of variable plate buckling coefficient 
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